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Kak yxe oTMedanoch, NMPOCTEHIIUMHU LeJBIMU (CJIOBO «pallHOHAIb-
Hble» HHOTAA OyzeM OITyCKaTh) YpPaBHEHUAMM ABJAIOTCA JHUHEHHble U
KBaZipaTHble. PellleHHe NMpaKTHYeCKH JIOOBIX IIeJIbIX YpaBHEHHM, B TOM
qyHuciIe M TeX, KOTopble MOJy4eHbl U3 ApOoOHO-pallMOHAIbHBIX, UppallHo-
HaJIbHBIX, TPUTOHOMETPHUYECKHX, MOKa3aTeJbHbIX M JOorapupMHYECKHX
YpaBHEHUI MOCPeACTBOM 3aM€Hbl IlepeMeHHOM JMb60 MHBIM criocobom,
CBOAUTCA K pelIeHUI0 JUHEHMHBIX M KBaApaTHBIX ypaBHeHHH. [loaTo-
My yMeHHe ObIcTpo U 0Oe3 omMOOK pemiaTh JHUHEHHble M KBaApaTHEHIE
YpaBHEHUA ABJAETCA OJHHUM M3 BaKHEHIIHUX: OOMAHO, NMpHAYMaB CIIO-
cob pellleHHUA OTHOCHUTENLHO CJIOXKHOHM 3aZadyd U CBeJsl ee K JIMHEHHOMY
WIH KBaZIpaTHOMY ypPaBHEHHIO, OIIMOUTBCA Ha MocieAHeM miare. Jlanee
pellleHHe JUHEWHBIX U KBaApaTHHIX YpaBHEHUM He paccMaTpuBaeTca (pe-
KOMEH/yeTCs peliaTh UX CaMOCTOATEJILHO), a Cpa3y MocJIe UX PUBEeAEHUA
K CTaHJApTHOMY BHUAY BBIITUCHIBAIOTCA KOPHH.

PaccMoTpuM OCHOBHBIE CITOCOOBI pellleHHs LeJbIX PallHOHAIbHBIX YpaB-
HEHUH.

1. Anre6panyeckue rnpeo6pa3oBaHHus

OZHMM M3 OCHOBHBIX CIIOCOOOB CBeJleHHS YPaBHEHHUA K OJHOMY WIH
HECKOJIbKMM IPOCTEHIIUM ABJIAIOTCA anarebpanyeckue nmpeobpasoBaHHUA
ofHOU wiu obeux ero yacreid. B Takux ciy4yasx, KaKk NMpaBWIO, BCe Wie-
Hbl YpaBHEHHA IEePEHOCAT B OJHY U3 €ro yacTed, NpPUBOAAT NOAOOHEIE
M TBITAIOTCA Pas3jioKUTh IMOJYYeHHOEe BbIpaKeHHEe Ha MHOXMUTeNu. s
I[eJIIX YPaBHEHHHM C 3TOM I11eJbl0 OOBIYHO MCHOJIb3YIOT (GOPMYJIBI CO-
KpallleHHOTO YMHOXeHHMA. MIHorAa, YToObl MPUMEHUTb OAHY U3 GOpPMYII
COKpallleHHOTO YMHOXeHHA, TpebyeTca MpUMEHUTb UCKYCCTBEHHOE IIpe-
obpa3oBaHHe: 006aBUTh U BHIYECTb HEKOTOPOE BhIpakeHHe. Ecyin yaaeTcs
«yTraZaTb» KOPEHb IeJIOTO PallMOHAJbHOIO ypPaBHEHHUS CTelleHHU BEHIlIe
BTOPOH, T.€. KOpeHb X, MHOrowieHa p(x) B JileBOM 4aCTH ypaBHEHMA
p(x) =0, TO MOXXHO NMOHU3UTh CTeNeHb YpPaBHEHMA, BOCIO/b30BaBIIMCh
TeM, 4TOo Toraa p(x) = (x — xy)q(x) U cTeneHb MHOrowieHa q(x) HWXe
cTerneHu MHorowieHa p(x). s nmomydeHus ¢opmybl p (x) = (x — xy)q(x)
HCIIONB3YIOT IN60 pa3yioxkeHHe Ha MHOXKHUTENH, TH0o AejleHHe CToI6UKOM
MHOTrowWIeHa p (x) Ha X — Xy. B HEKOTOPBIX C/Ty4yasx AJisfl TOTO YTOObI CBECTH
ypaBHEeHHE K JIMHEMHOMY WIHM KBaJpaTHOMY, AOCTaTOYHO BOCIIOJb30-
BaThCA YCJIOBUEM paBEHCTBA CTeleHel. PaccMOTpUM NpUMeph! pellieHUA
LieJIbIX YPaBHEHHH € NMOMOIIbIO alrebpanveckux npeobpa3oBaHui, HaYaB
C JUHENHBIX U KBaJpPaTHBIX YPaBHEHHH C HWppallHOHAIbHBIMU KO3(PH-
IIMeHTaMM, KOTOpble, HECMOTPS Ha UX NMPHUHAAJIEIKHOCTh K MPOCTEHIINM,




[image: image2.png]Nopoii BBI3BIBAIOT Hepa3pellMMbie TPYAHOCTH Y BBITYCKHHUKOB MMEHHO
B CWJIY UPPAIMOHAJIbHOCTH KO3GPUIIMEHTOB.

IIpumep 1. Pemute ypaBHeHHE
2(vV3-x)++v3(2-x)=2v3-4.
Pemiene. /laHHOe ypaBHEHHE SBJIAETCA JMHEHHBIM. BHIMOIHHUM He-
obxoarMele npeobpa3oBaHUA:

2(vV3-x)+v32-x)=2V3-4 &
& 2vV3-2x+2V3-V3x=2V3-4 &
& 4V3-(V3+42)x=2v3-4 & (V3+2)x=2V3+4 &

2(v/3+2
V3+2 V3+2

— X

Omeem: 2.
IIpumep 2. Peninte ypaBHeHUe

2x? — (2v3+43v2)x+ V6+2 = 0.

Pemenue. JlaHHOe ypaBHEHHE ABIAETCA KBaApaTHbIM. Halgem auc-
KpUMHHAHT D ypaBHEeHUS:

D= (2v3+3v2)*—4-2-(V6+2) =
=12412/6+18-8v/6—-16 = 14+4+/6.

JIMCKpUMMHAHT IpeJCTaBaseT coboii BhIpaXkeHHe BUAa p + q+/r. B Tom
cJIyyae, eCJIM 3TO Bhlpa)KeHHe SIBJIAETCA MOJHBIM KBaApaToM, OOBIYHO HC-
MOJIb3YIOT pacCyXJieHUsA, aHaJIOTH4YHble ceayomuM. [Ipeanonoxum, 4To
AVICKPHUMUHAHT SIBJIIETCA KBaApaTOM CyMMEI YyKuces a U b:

(@a+b)? = 14+4/6.

[lycTp cymMmMa KBaJpaTOB 3THX 4YMcesl paBHa 14, a UX yBO€HHOE IPOM3-
BeZieHHe paBHO 4v6. Toraa ab = 2v/6. Haubosnee BepOATHEIMHU «IIpeTeH-
AEHTaMH» Ha Poib a U b ABmA0Tea 6o 2 u V6, mbo 2v2 u V3, mbo
2+/3 1 V2. [TockonbKy cyMMa KBaZpaTOB HCKOMBIX YHCeJl paBHa 14, To 3To
guciaa 2v/3 u v2. Cegosarensro, v D = 2+/3 + /2. Toraa no dopmyiie
KOpHeM KBaJpaTHOI'O yPaBHEHMA:

x1=2\/§+3\/§:2\/§+\/§, %, = V342,
—
_ 2V343v2-2V3-42 v = V2
Xy = 2 |27 2

Omeem: V3 + v2; ?
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YpaBHeHue Buza (g(x))?"*! = (p(x))*"*!, rae n — HaTypajJbHOE 4YHC-
JIo, B CWIy CBOHCTB CTE€lleHHOM (YHKLUM C HeYEeTHbIM HaTypaJbHbIM
[IOKa3aTeJleM PaBHOCWIbBHO ypaBHeHMIO g(x) = p(x). YpaBHeHHEe BHZA
(g(x))?" = (p(x))?", rae n — HaTypajJbHOE YHCJIO, B CWIy CBOMCTB CTe-
NeHHOM (YHKIMHM C YeTHbIM HaTypajbHbIM IIOKa3aTejleM PaBHOCHWIbHO

p(x) =q(x),
p(x)=—q(x).
IIpumep 3. Pemute ypaBHeHUe
(x—3)°+(x*-2x—-1)%=0.
Pemenune. [lepenuiieM ypaBHeHHUE B BUJE
(x—3)° = —(x?-2x-1)3.
2)3,

COBOKYITHOCTH

Janee, mockonbky a® = (a?)3, —b3 = (—b)3, nomyunm

((x=3)%)3 = (-x*+2x+1)3.

B cury Toro, yro ¢3 =d?® < c¢=d, nowutegHee ypaBHeHHEe NPUBOAUTCA
K BUAY (x — 3)? = —x? + 2x + 1. IlepeHecs Bce WieHbl YpaBHEHMA B Jie-
BYIO 4acTh, paCKphIB CKOOKH, IpuUBeJA MoAo6HbIe U pa3zenuB obe 4acTH
[IOJTly4Y€eHHOI'0 YPaBHEHHUA Ha YUCJIO 2, MOMYYUM KBaApaTHOE ypaBHEHUE
x? — 4x +4=0, efMHCTBEHHBIM KOPHEM KOTOPOTO ABJAETCA 2.

Omeem: 2.

PasnoxceHue Ha MHOXUMeENU

Cpeau LieJibIX YpaBHEHHMM CTeIleHHU BhIlIE BTOPOM, pellaeMbIX C IO-
MOIIbIO Pa3/IOKEHHA Ha MHOXUTENMU (414 4ero NMpHUMEeHAIT GOopMyJbl
COKpaIlleHHOTO YMHOX€EHHA U BbIHECEHHEe 3a CKOOKy obllero MHOXKHUTe-
JIA), MOXXHO BBIZEJHTb CUMMETpHUYECKOE YpaBHEHHE TpeThero IopsaaKa
ax?® +bx? + bx +a=0. [leperpynnupoBas cjlaraeMble ¥ BLIHOCH 3a CKOOKY
ob1Ire MHOXHUTENIH, MOJIYYHM a(x>+ 1) + bx(x+1)=0. [IpumeHNM
B JIEBOH 4acTH ypaBHeHHA GoOpMysy CyMMbl KyOOB M BHOBb BBIHECEM
OO MHOXXHUTEJIb 3a CKOOKY:

alx+1D02=x+1)+bx(x+1) = (x+1(ax®—ax+a+bx).

Takum o6pa3oM, ypaBHEHHE CBOAUTCA K IMHEMHOMY ypaBHEHHIO X + 1=
= (0, KOpHEM KOTOpPOr'O fAABJAETCA YUCJIO —1, U KBaZ[paTHOMY YPaBHEHUIO
ax?—(a—b)x+a=0.

OTMeTHM, 4TO 11 6OJBIIMHCTBA APYTHX LIEJIbIX YPaBHEHUH CTeleHU
BbIllI€ BTOPOM CTaHAAPTHHIM aJTOPUTM pelIeHHUs yKa3aTb He yAaeTcA, HO




[image: image4.png]INpaKTH4YE€CKH BCETrZia B X PECIIEHHNHN MOXHO CYILI€CTBEHHO ITPOABHHYTbHCA,
CJiIeAyA OAHOM U3 TpeX «UHCTPYKIUH», WIH «IIpaBWI»: «[IPUMEHU (l)OpMy-
JIy», «106aBb U BBIYTH», «yra,uaﬁ KOpeHb». PacCCMOTpUM HECKOJIBKO MpUMe-
POB.

IIpumep 4. Peiiute ypaBHEHUE
5x° —21x*—21x+5 = 0.

Pemenue. [leperpynnupoBaB cjlaraeMble U BHIHOCA 32 CKOOKY obue
MHOXHUTeMH, noayduM 5(x + 1) — 21x(x + 1) = 0. [IpuMeHUM B JIeBOH
4JacTH YpaBHeHHUA GopMyITy CyMMbI KyOOB 1 BHOBb BbIHECEM OOLIHMH MHO-
XKHUTeJb 3a CKOOKY:

5(x+1D(x*—x+1)-21x(x+1) = (x+1)(5x* —26x +5).
Takum o6pa3oM, ypaBHEHHE CBOAMTCA K JMHEHHOMY YpaBHEHHMIO X +
+ 1 =0, xopHeM KOTOpOro fABJAeTCA YUCIO —1, U KBagpaTHOMY ypasB-

HeHUIO 5x2 — 26x + 5 =0, KOPHAMH KOTOPOTO SABJIAIOTCA YUC/IA % U 5.
1

b 5) 5‘

IIpumep 5. Pelinte ypaBHeHUe

xt=2x3+x%2-9=0.

Omeaem: —1

Pelrenue. DTOT MpUMep WLIIOCTPUPYeT IIpuMeHeHHe GOpMYJ COKpa-
IeHHOro YMHOXeHuA. CHayasla Bocrob3yeMca GopMysoii KBaJpara pas-
HOocTH ABYX umcen: x* — 2x3 + x? = (x? — x)2. Teneppr ypaBHeHHE MOX-
HO MepemucaTth Tak: (x2 — x)? —32=0. [IpumeHHUB PopMyTy pasHOCTH
KBagpaToB, noayduM (x? —x —3)(x* —x+3) =0, oTkysa x> —x—3=0
6o x? — x +3=0. KopHaAMH ypaBHeHHA x% — x — 3 =0 ABIAIOTCA YUCIA

1-v13 51 1 +2' 13 . YpaBHeHue x? — x + 3 =0 AeiicTBUTEIbHBIX KOPHEl He
MMeeT B CWIy OTPULIATeIbHOCTH AUCKPUMUHAHTA.

1-v13 1+V13
2 2

Omeaem:
IIpumep 6. PeuinTe ypaBHEeHHE
x=D3+(x—4)?+(x—D(x—3)+(x—3)%>+ (x—3)3 = 6.
Pemienue. /lis pelieHUs ypaBHEHHA BHOBb BOCIIO/Ib3yeMCS ITPaBWIOM
«[IpUMeHH QOpMYITY». BripaxkeHue
(x—4)*+ (x —4)(x —3) + (x — 3)?

npeAcTaBiseT cob0M HEMOMHBIM KBaJpaT CyMMbI uKcea X — 3 u x — 4. [lo-
3TOMY €CJIM YMHOXHUTh €ro Ha pa3HOCTb 3TUX 4yucen (x — 3) — (x — 4),




[image: image5.png]TOJTyYUM Pa3HOCTb Ky6oB 3THX Ynces. Ho (x —3) — (x —4) =1, noaTomy
X—4*+x—-Dx-3)+(x—-3)?=(x-3)°- (x—43.
Teneps ypaBHEHHE MOXKHO IlepenucaTh TaK:
=D+ (x—-33-(x-49*+(x-3) =6,
OTKYyZa, puBezd noaobHble U pa3fie/IuB 0b6e YacTH YpaBHEHHS Ha YHUCJIO 2,
noxy4aem (x —3)3 =3. 3uaunt, x— 3= V3, u x=3+ V3.
Omeem: 3+ ¥/3.

[Ipumep 7. Pemute ypaBHeHue x* +4x —1=0.

Pemenue. /1151 TOoro 4Tobbl pelIUTh 3TO YpaBHEHHE, TOIIPoOyeM IpH-

MEHMTD K €ro JIeBOH 4acTH MPaBWIO «A00aBb M BbIYTH», AOMOMHUB X~ 10

KBaJpaTa CyMMHBI:
x*+4x—1=(*+2x°+1) - 2x%+4x -2 =
=(2+1)2-202-2x+1) = 2+ 1)%-2(x-1)>
Jaee,
2+1)2-2(x- 1% = (x*+ 1) - (V2x - V2)* =
= (2 +1+vV2x—v2)(x*+1-V2x+V2).
[Tosryyaem ABa KBaZpaTHBIX YPAaBHEHMSA:
x24+V2x4+1-v2=0 u x*-V2x+1+v2=0.

KopHaMu ypaBHeHHA x? + v2x + 1 — +/2=0 ABnAI0TCA UMCIa

—V2-V4av2-2 —V2+V4v2-2

2 " 2

YpaBHeHue x2 — v2x + 1+ v/2 =0 AeiicTBUTe/bHBIX KOpHeil He HMeeT
B CWIY OTPULIATEeJIbHOCTU AUCKPUMHHAHTA.

—V2-V4V2-2 —V2+/4v2-2
2 ? 2 )
IIpumep 8. Pemure ypaBHeHue 2x° +3x2—1=0.

Omeem:

PemeHue. JleBasd 4acTb ypaBHEHHUA NpeACTaBasgeT coboi MHOrowieH
TpeTbel CTelleHH C LeJbIMU Ko3duiimenTaMu. i pellleHUs YpaBHEHUSA
TAKOTO THUIA CJieAyeT NMPUMEHUTh MHCTPYKLHIO «yrajaii KOpeHb», BBIAC-
HUB, He ABJIAeTCA JIM Kakoe-HUOyZAb 11e/loe YHUCIIO X, KOPHEM yYPaBHEHMA.
Takoe 4YHCIO HY»KHO HCKaTbhb CpeAu Aeureied cBoboaHoro wieHa. B ca-
MOM JeJie, eCJIM X, — KOpeHb KaKOro-Jinbo 11eJIoro ypaBHEHHA C LeJIbIMH




[image: image6.png]ko3¢ HuIMeHTaMH, HapyMep, ypaBHeHHUsA ax> + bx? +cx +d =0, To npu
ero NMOACTAaHOBKE B ypaBHEHHE IMOJYYUM BEPHOE UYMCJIOBOE PABEHCTBO
axg + bx2 + cxg +d = 0. Tak Kak KaXAOe U3 TPeX IEPBHIX CIAraeMbIX
JIeBOU 4YaCTU 3TOr'0 paBE€HCTBA AEJIUTCA Ha X, TO U MOC/eJHee caraemoe
d AO/DKHO AeJIUTHCA Ha Xy. AHAJIOTUYHbBIE PACCYXAEHUA IPUMEHHMBI U AJIA
YPaBHEHUH CTeNEeHH Bbllle TpeTbel. EC/iU Takoe Yucio X, CyIeCTBYET, TO
JIEBYIO YaCTh YpPaBHEHHUSA MOXXHO 6yzeT pa3/ioXKUTh HA MHOXHTENH, OAHUM
M3 KOTOPBIX ABJIAETCA X — Xo. /Il 3TOro cieayeT «pa3buThb Ha Maphl»
JIEBYIO YaCTh YPaBHEHHUA TaKMM 00Opa3oM, YTOOBI B KaXKJOH IMape MOXXHO
ObUIO BBIZIEIUTH MHOXHTEJb X — X, THOO BHITTOJIHUTD JeJIeHHEe MHOToWwIe-
Ha Ha MHOT'OWIeH CcTonbukoM. Tak, 4ncio —1 AB/IsSETCS KOPHEM AAHHOTO
YpaBHEHHSA, B YeM MOXXHO yOeAUTbCA MPOCTOMH NMpoBepkoi. Teneps JeBy10
4acTb YPaBHEHHUA MOXXHO Ipeobpa3oBaTh ClieAyrolHuM obpa3oMm:

233432 -1=@2x3+2xH) +(x?-1) =
=2x%(x+ 1D+ (x+1D(x—-1) = (x+D2x*+x—1).
Takum obpasom, x = —1 am60 2x% + x — 1 =0. KopHAMHU NOCIeAHEro

ypaBHEHHUA ABJAIOTCA yuciaa —1 u 0,5.
Omeem: —1; 0,5.

Ypasnenus, cooepxucawjue 6onee 00HOUL nepemeHHOl

YpaBHeHHA, copepxkaiue 6ojiee OZHOU IepeMeHHOM, OOBIMHO CTaBAT
B TYNIUK HEJOCTAaTOYHO MOATOTOBJIEHHOI'O BHITYCKHHKA, XOTA B OOJbIINH-
CTBe CJTydaeB MX pellleHHe He TpeOyeT H30IpeHHbIX Npeobpa3oBaHHI WK
HECTAHAAPTHBIX MoAXoAo0B. Kak mpaBwWwIo, TakMe ypaBHEHHA ABJIAIOTCA
KBaJpaTHBIMU OTHOCHUTEJIbHO OAHON M3 MepeMeHHbIX, U KIdyeBasa Hiaesd
3aKJ/II04aeTcAd B MCCIeJOBAHUU AUCKPHUMMHAHTA YPaBHEHUA: M3 YCJIOBHA
ero HeOTPULIATEIbHOCTH HaXOAATCA AOIyCTUMbIE 3HaYeHUA BTOPOH nepe-
MEHHOM.

IIpumep 9. HaiiguTe Bce mapel (x; y) 4ucel X U y, AJA KaKAOH M3
KOTOPbIX 5x% —4xy + y2 —8x+2y +5=0.

Pemienue. IlepenucaB JaHHOe ypaBHEHHE KaK KBaJpaTHOE OTHOCH-
TeJIbHO X, MOIyYrM

5x2—4(y+2)x+y?+2y+5=0.
[Tyctb D — AMCKPUMMHAHT YPaBHEHMA, TOTAa

% =4(y +2)2-5(y%+2y+5),

OTKy/Zla, pacCKpbIB CKOOKH U npHBed Nofo6HbIe, HaX0AHM

D
Z = —y2+6y—9= —(_}’_3)2-




[image: image7.png]Ecmu y # 3, To % < 0, 1 ypaBHEeHHe He uMeeT pelieHud. Eciu y =3, To
2(y +2)
5

2=O,HTomax= =2.

4
Omeem: (2; 3).

2. 3aMeHa nNepeMeHHOH
YpasHenue suda a- f2(x)+b- f(x)+c=0

Takve ypaBHeHUs (MX HMHOTZA HA3bIBAlOT TPeXWIEHHLIMH) ABJAIOT-
ci OAHMMH H3 Haubojiee pacnpocTpaHeHHbIXx. HaBepHoe, caMblii H3-
BECTHBIM IpHUMep 3TOro THIIAa YpaBHEHHH — GMKBaZpaTHOe ypaBHEHHeE
ax* + bx? + ¢ =0 (3pecp f(x) = x?). 3ameHoit mepeMeHHOH t = f(x)
TpeXWIEHHOE YpaBHEHHE CBOAUTCA K KBaZApPaTHOMY OTHOCHTEJIbHO Iie-
peMeHHOi1 t ypaBHeHMIO at® + bt + ¢ =0. B xauecTBe nepBoro npumMepa
nofo6HOro THUma ypaBHEHHMH paccMOTpHM 3azady 1 yactu I BBOgHOM
AWarHOCTHYECKOM paboTHI.

IIpumMmep 1. Pemute ypaBHeHUE
3(6x* — 13x +6)*— 10(6x* — 13x) = 53.

Pemenue. O6o3HaunM 6x2 — 13x + 6 uepes t. Torga 6x% —13x=t—6
1 ypaBHeHHe mpumeT Buz 3t? — 10(t — 6) =53, oTkyaa 3t2 — 10t +7=0.

7
KopHAMM Mosy4eHHOro KBaJipaTHOroO ypaBHeHHs ABJIAIOTCA Yucia 11 3.

CaenaeM ob6parHyio 3aMeHy. IIpu t = 1 nony4uM ypaBHeHHe 6x%—13x+
+6=1, oTkyaa 6x? — 13x + 5=0. KopHAMHU NOCIeZHETO ypaBHEHUA ABJISA-

IOTCA 4YMCJIa % 51 % [put= % MOJMYYUM ypaBHeHHe 6x2 — 13x + 6= %, OT-
KyAa, YMHOXUB o6e yacTH ypaBHeHHA Ha 3, momydaeM 18x% —39x +18=7
, 3Ha4uT, 18x%2 —39x 4+ 11=0. KopHAMM nocjieHero ypaBHeHUs SABJIA-

1 11
FOTCA YUCIA 3 U .

3
Omaem: 1. 1. 5. 11
3223 6°

Ilpumep 2. Pelinte ypaBHeHUe
32x—-D*-162x-1)*+16 =0.

Pemenne. CrenaeM 3aMeHy IepeMeHHoit: z= (2x —1)?, 2> 0. Ypas-
z2=4,

HeHMe MpUMeT BuA: 322 — 16z + 16 =0. KopHHU 3TOro ypaBHEHHS: [ 4
§ .




[image: image8.png]YcnoBuio 2z 2 0 yAOBIETBOPAET KAXKIAbIMA U3 KOPHEN ypaBHEHHA. BepHemcA
K IIepeEMEHHOM X :
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2x—1=2, x_2,
2x—1= -2, _ 1
2x-1)?% =4, X==3
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YpasHerue guda (x —a)(x—b)(x —c)(x—d) =k, 20ea+b=c+d

YpaBHeHHEe YKa3aHHOTO THIIA ITOCJie MePEMHOXEHHA ABYX IEPBBIX
Y ABYX NOCJIeAHUX CKOOOK B JIeBOM 4acCTH Jierko Npeobpa3oBaTh K BUAY

(x?—(a+b)x+ab)(x*— (a+b)x+cd) =k
Y CBECTU K KBaJpaTHOMY 3aMEHOM1
t=x>—(a+b)x wm t=x*-(a+b)x+ab.

MHorza sieBad 4acTb TaKHMX YpaBHEHMH MpeAcTaBisgeT coboif npousseze-
HHe JBYyX KBaJIpaTHBIX TPEXWIEHOB U TpebyeT mpeABapUTEIbHOI'O pPa3Jo-
YKEHHA KaXJ0r'0 U3 HUX Ha MHOXKUTEJIH.

IIpumep 3. Pemute ypaBHeHHe (x? —4x + 3)(x?+ 6x +8) +24=0.

PemreHne. Pa3noxuM KaXIbIi U3 KBaApPaTHBLIX TPEXWIEHOB B JIEBOM
YaCTH ypaBHEHHA Ha MHOXHTeaH. KopHaMu TpexwieHa x2 — 4x + 3 aBia-
joTcs yucaa 1 u 3, mostomy x2 —4x + 3 = (x — 1) (x — 3). Kopuamu Tpex-
wieHa x2 + 6x + 8 ABIAIOTCA YMCIa —4 U —2, TIO3TOMY

x?+6x+8=((x+4)(x+2).
Tenepp AaHHOE ypaBHEHHE MOXXHO IepenucaTs B BUZE
(x—1Dx-3)(x+4)(x+2)+24 =0.

[Tockonbky 1+ (—2) =3 + (—4), nepeMHOXHUM CKOOKH JIEBOM 4YacCTH IOJTY-
YeHHOr0 ypaBHEHHUSA CJIeAyIoIUM 06pa3oM: MEPBYIO C MOCJAeHENH, a BTO-
pyto ¢ TpeTbeH. [loayuum (x?+x —2)(x2+ x — 12) + 24 = 0. Caenaem
3aMeHy nepeMmeHHOH. ITycTb t = x? + x — 2. Toraa x2 +x — 12=t — 10,
¥ ypaBHeHHMe mpuMmeT BuZ t(t — 10) + 24 =0, oTkyaa t? — 10t + 24 =0.
KopHAMH NOMy4eHHOr'0 KBaJpaTHOr'O YPaBHEHHA ABJIAIOTCA 4yuciaa 4 u 6.
CresnaeM o6paTHylo 3aMeHy. [1py t = 4 OJy4MM ypaBHeHHe X2 + x —2 =4,




[image: image9.png]oTKyza x2 + x — 6 =0. KopHAMHU NOC/IeAHEro ypaBHEeHHA ABIAIOTCA YUCIa
—3 u 2. [Ipu t = 6 nomy4uM ypaBHeHHe x>+ x —2 =6, oTkyAa x> +x — 8=
-14++v33  —-1-+33

> 5 5

= (0. KopHAMH 3TOro ypaBHEeHHA ABIAIOTCA YUCIA

-1-+33 -1++33
2 2

; =35 2;

Omeem:

YpasHenue suda (x —a)(x —b)(x —c)(x —d) =kx? 20e ab=cd #0

Takre ypaBHEHHS CBOAATCA K KBaJipaTHBIM IOCJIEe CIEAYIOMIMX Mpeob-
pa3oBaHUi. [lepeMHOXXMM JABe NepBbie H JABe MOCHeAHHE CKOOKM JieBOM
YaCcTH C YYeTOM TOTO, UTo ab =cd:

(x?2—(a+b)x+ab)(x? - (c+d)x+ab) = kx>

Tenepb, yuuTHIBasA TO, YyTO X 7 0 (MHa4Ye OAHO W3 4YHCes a, b, ¢, d JODKHO
OBITh PAaBHO HYJIIO, @ 3TO IPOTHBOPEUYUT YCJIOBHIO), pa3/ieiiM obe yacTu

ypaBHEHHA Ha X2 c/IeAyIoHUM 06pa3oMm:

(xz—(a-i;b)x+ab) (xz_ (C+xd)x+ab) =k,

oTKyaa (x+c;—b+(a+b)) (x+‘;—b+(c+d))=k.

O603HauuB t = x + a? Wi t=x+ a? + a + b, nory4rM KBaJpaTHOeE
ypaBHEHHE.
IIpumep 4. Pemute ypaBHeHue (x +2)(x+3)(x+8)(x+12)= 4x2.
PemieHHe. [lepeMHOXMM MEpPBYIO U NMOUIEAHIOIO, a TaKkKe BTOPYIO
U TPEThIO CKOOKH JIeBOH YacTH:
(x? + 14x + 24) (o + 11x + 24) = 4x2.

3ameTuM, 4TOo X = 0 He ABJAETCA KOPHEM YPaBHEHHMA, U pa3zeauM obe

YyacTH ypaBHeHHA Ha x? ciezyomum o6pa3om:

(x2+14x+24) (x2+11x+24) —4
b'e b'e )

BLINOJHUM NTOWIEHHOE AeJIeHHE B KaKA0H U3 CKOOOK JIeBOM 4acTH ITOoC/Ie]-
HEro YpaBHEHHsA U IleperpynnupyeM cjiaraeMale:

24 24 _
(x+2+14) (x+2+11) =4,
Tennepr MOXXHO caesaTh 3aMeHy IepeMeHHOM. [IycTb t = x + 2x_4 + 14. To-

raa x + 2x_4 + 11 =t — 3 u ypaBHeHue npumeT BUZ t(t — 3) =4, oTKyAa

t? — 3t — 4=0. KopHAMHU NOIy4eHHOTO KBaZApaTHOTO yPaBHEHHUS SBJIAIOT-
ca yuciaa —1 u 4. Caenaem obpaTHyio 3ameHy. [Ipu t = —1 noay4um ypas-

HeHue x + 2x—4 + 14 = -1, otkyaa x* + 15x + 24 = 0. KopHAMH nociIel-




[image: image10.png]—15— v12 —15+v12

HEro ypaBHEHMSA ABJAIOTCA YUC/Ia .[pu t=4

IOJTyYUM YpaBHEHHUE X + 2x_4 +14=4, oTkyza x*+ 10x + 24 = 0. KopHamu
3TOr0 YpaBHEHUSA ABJIAIOTCA YUcjia —6 u —4.

—15— v12 —-15+ 129
) .

Omeem: ; —6; —4;

YpasHerue suda a- f2(x) +b- f(x)-g(x) +c-g%(x)=0

Takoe ypaBHeHHe Ha3bIBaeTCA OZHOPOAHBIM YpaBHEHUEM BTOPOTO IO-
psaxka. OHO CBOAMTCA K KBaJ[paTHOMY YPaBHEHMIO MOCJe JejieHHsa obe-
f(x)
gx)
NMOAYEPKHYTh, YTO IIPU JeJIeHHH Ha g2 (Xx) MOXeT MpOU30MTH NOoTeps Kop-
Hel yYpaBHEHHUS, IO3TOMYy 00M3aTe/IbHOMN SB/ISETCS NMpPOBEpKa TeX 3Haye-
HUi X, IpU KOTOphIX g2(x) =0. EC/IM 3TH 3HaueHMA SABJIAIOTCH KOPHAMH
HUCXOAHOI'O YPaBHEHMA, TO UX TakKe CllefyeT BKIIOYUTh B OTBeT. Jpyrou
criocob pelieHHUs] OAHOPOAHOTO YPaBHEHHA COCTOHUT B PaCCMOTPEHHH €ro
KaK KBaZAPaTHOTO OTHOCHUTENbHO OAHOM u3 yHKIMH f (x) mwim g(x).

IIpumep 5. Pelinte ypaBHeHUE
x2c—1)%+x(x*-1) = 2(x+ 12
Pemienue. [lepenuieM ypaBHeHHE CJIEAYIOIIUM 0Opa3oMm:
(x> =x) 2+ (x*=x)(x+1) -2(x+ 1% =0.

3aMeTHM, 4TO X = —1 He AB/IAETCA KOPHEM yYpaBHEHHs, U pa3jeluM obe
yacTH ypaBHeHuA Ha (x + 1)2. Momyuum

x2=x\2  x*-x _
(x+1) t o F1 —2=0.

CaenaeM 3aMeHy NepeMeHHOi. ITycrtp t = Z—=

UX YyacTeH Ha gz(x) M BBeJJeHUA HOBOM IepeMEHHOM t = Cnenyert

oy 1 Toraa ypaBHeHHe mnpu-

MeT BUZ t2 +t — 2 =0. KopHAMH MOJy4eHHOTO KBaAPaTHOrO ypaBHEHHUA
ABNAIOTCA ykcna 1 u —2. Caenaem obpaTHyIo 3ameHy. [Ipu t =1 noaydyum

ypaBHeHHe X1 oncy,aax — 2x — 1=0. KopHsaMu nocjiefHero ypas-

x+1

HeHHA ABAAIOTCA uucaa 1 — v2 u 1+ v/2. Tlpu t = —2 nosy4nM ypaBHeHHe
2 _

J; T f = —2, oTKyAa x2 + x + 2=0. OTo ypaBHeHHe He UMeeT KOPHeii, Tak

KaK ero AMCKpMMHHAHT OTpUIIaTeJIeH.
Omeem: 1 —v2; 1+ V2.

YpasHenue suda ax* +bx3 +cx?+bx+a=0, 20e a #0

Takoe ypaBHeHHe, K03QPHUIIHEHTE KOTOPOI'0 CHMMETPHYHBI OTHOCH-
TeJIbHO CepeuHbI, Ha3hIBaeTCSA BO3BPATHHIM YPaBHEHHEM YETBEPTOrO I10-




[image: image11.png]paaka. K kBajpaTHOMy ypaBHEHHIO €I'0 MOXKHO CBECTH CJIEAYIOIIMM 00pa-
30M. BeiHeceMm 06111ie MHOXXHTETH B IIEPErPYTIITHPYEM claraeMble B JIEBOMH
4aCTH ypaBHEHHS:

ax*+ D) +bx3+x)+cx?=0.

3ameTuM, 4TO X = (0 He ABIAETCA KOPHEM ypaBHeHUs (MHaue a =0, 4To
IIPOTUBOPEYUT YCJIOBHUIO). Pa3zenB obe 4acTH NOCjeAHEro ypaBHEHUS
Ha X2, moMy4um . .

a(x2+;5) +b(x+;) +c=0.

ITycTb t =x + % Torga t>=x%+2+ %, OTKyaa x?% + % =t2 — 2. Tenepb

ypaBHEHHe MOXXHO NepenucaTh Tak: a(t? — 2) + bt + ¢ = 0. [TocnenHee
ypPaBHEHHE ABJIAETCA KBaZpaTHBIM OTHOCUTEJIBHO NIEPEMEHHOM t.
Cxoxee ¢ pacCMOTPEHHBIM ypaBHEHHE BU/Ja

ax*+bx}+cx’—bx+a=0

MOXKHO CBECTH K KBaZ[paTHOMY aHAJIOTHYHbIM 06pa3oM, MOIy4YUB ypaBHe-
HHe .1 1
a(x +25)+b(x-3)+c=0

X X

U cZielaB 3aMeHY IepeMeHHOM t = x — %, OTKyZAa
t? = x2—2+i2, x2+i2 =242,
X X

H, ciiefoBaTelbHo, a(t? +2) + bt +c=0.

IIpumep 6. PemmuTe ypaBHeHue x* —3x> +4x2 —3x+1=0.

Pemrenue. 3ameTuM, 4To X =0 He ABJNAETCA KOPHEM ypaBHeHUA. Pa3s-
AequB obe JacTH Moc/eHero ypaBHEHHA Ha X2, IeperpynmupoBaB cjara-
eMble B JIEBOM YaCTH U BbIHECA 32 CKOOKY OOt MHOXXHUTEIb, MTOTYYHM

2, 1 _ 1 _
x?+ = —3(x+3)+4=0.

1
[ycrs t = x + 7. Toraa 2=x2+2+ %, OTKyAa x2 + % =t2 — 2. Te-
epb ypaBHEHHe MOXXHO Iepelnucarh Tak: t? — 2 — 3t + 4 = 0, oTKyza
t? — 3t + 2 = 0. KopHAMM NOIy4eHHOTO KBAJpPaTHOTO ypaBHEHHA SB-
aA0Tca yuoia 1 u 2. Caenaem obpaTHyio 3ameHy. [Ipu t = 1 nmomay4yum
1 2
ypaBHEHHE X + = = 1, otkyza x“ — x +1=0. OTo ypaBHEHHE HE UMEET
KOpHEeH, TaK KakK ero JUCKPMMUHAHT oTpuliaTeseH. [Ipu t = 2 nomyuyum
ypaBHEHHE X + % =2, oTKyza x2 — 2x + 1 = 0. EAUHCTBEHHBIM KOpHEM
MOC/IeAHErO YPaBHEHUA ABJIAETCA YUCIO 1.
Omeem: 1.




[image: image12.png]Ypaerenue suda (x+a)*+ (x+b)*=c

IJTO ypaBHEHHeE I0C/Ie 3aMeHBI t = x + aT"'b (vHOIrZA Ha3bIBa€MOM CUM-
Mempu3ayuei) CBOAUTCA K GUKBaApaTHOMY ypaBHEHHIO.
Ilpumep 7. Peunre ypasuenue (x+3)%+ (x +5)*=16.
Pemenue. O603HauMM t = x + 4, TOTAa YpaBHEHHE TPUMET BH]

t—-D*+(+1* =16.

Iockonbky a* +b* = (a? + b%)? — 2a?b?, neBy10 YacTb No/Iy4EHHOrO ypas-
1eHHA MOXXHO ITpeo6pa3oBaTh Tak:

@ 4+ 12 -2 -2+ 1) =
= (22 +2)° —2(*—1)2 = 4t* + 82 +4—2t* + 42 — 2 = 2t* + 122 + 2.

Monyunm ypaBHeHme 2t* + 12t% + 2 =16, otkyza t* + 6t2 — 7 = 0.
Myctb t2 =2z, 2> 0. Toraa 22 + 62 — 7 = 0. EAMHCTBEHHBIM IOJIOKHTEb-
HHIM KOPHEM TOCJIeAHET0 ypaBHeHus apigercd z = 1. [Moatomy t? =1,
otkyaa t =—1 6o t=1. Em t=-1, To x + 4= -1, otkyza x = -5.
Ecmt=1,T0 x+4=1, oTrkKysa x =—3.

Omegem: —5; —3.

3. IIpumeHeHHe cBOMCTB QyHKIIHM

HexoToprle (He 0653aTeIbHO 11e/ible) ypPaBHEHHUA MOTYT OBITh pellleHbl
C MOMOILbIO TAKUX CBOUCTB QYHKLMM, KAK MOHOTOHHOCTb M OTpPaHHY€eH-
HOCTb. PacCMOTPHM COOTBETCTBYIOLIME IIPUMEPHI.

IIpumep 1. Pemure ypaBHeHHe x° + 3x° +8x —12=0.

Pemrenue. Yucio 1 ABisgeTcs KOpHEM ypaBHeHWA. [[pyrMX KOpHeH
ypaBHEHHe He MMeeT, Tak Kak OyHKkiMA y = x° + 3x3 + 8x — 12 Apnser-
C MOHOTOHHO BO3pacTaloller Ha BCeM YHUCIOBOM NMpAMOM (Kak cymMMa
MOHOTOHHO BO3pacTarouX QYHKIHNH), H, CIeOBATEJIbHO, KaX/J0€e CBOE
3Ha4YeHHe IIpUHMUMAaeT POBHO OAMH pa3.

Omeem: 1.
IIpumep 2. Pemute ypaBHEeHUe

(x*=2x?+2)*+ (x> +2x+5)2 =17.

PemieHue. BrlziesuB NojHble KBaApaThl B KAOKAOH M3 ckoOOK JieBoit
4YacTH, [IepenuilieM JaHHOe YypaBHEHUE B BUE

(-2 +D*+ (x+1D*+49)% =17.




[image: image13.png]U3 HepaBeHCTB (x> —1)2+1>1u (x + 1)2 + 4 > 4 cieayer, 4ro
(2-D*+D*>1, ((x+1D?*+4)?*>16.

[ToaToMy JsieBasi yacTb ypaBHEHUA He MeHblle 17. BeITb paBHOM 17 oOHa
MOXeT TOJBKO B CJIy4yae, KOorja KaXxJaoe U3 JBYX NOCJIeJHUX HepaBEHCTB
obpaiaeTcs B paBEHCTBO, T. €. €CJIH

(x*-1)2%+1=1,
(x+1)*+4=4.

EAWHCTBEHHBIM pelleHHEM IOJTYYeHHOM CUCTEMEI ABIAETCA KOpeHb X =—1.
Omeem: —1.

4. YpaBHeHHs, coepKallie IepeMeHHYIO 110/l 3HaKOM abGCOoMIIOTHOM
BE€JIUYHUHBbI (MOAY/IfA)

YacTo TakMe ypaBHEHHA Ha3bIBAIOT KOpoYe: YPaBHEHHA C MOIYJIEM.
YpaBHeHHs, cOAepKallllie MOAY/ib, OOBIYHO OTHOCAT K CPaBHUTEJILHO TPYA-
HBIM, XOTS 3HAYMUTE/NbHAsA YacTh TAaKUX YPaBHEHMH C YCIIEXOM pelllaeTcs
C MOMOIIIbIO CTaHJaPTHHIX PABHOCWIbHBIX Mpeobpa3oBaHU WIH «pacKpHhI-
TUSI MOAY/IS1» B COOTBETCTBHHU C €ro omnpeaeneHueM. [IpuBeseM cHayasa
OCHOBHbIe (aKThI, CBA3aHHbIE C MOAYJIEM H HeOOXoAHUMbIE Il pellleHUsA
yPaBHEHHUM.

1. |a| =a, ecnmu a = 0; |a| = —a, ecsint a < 0 (onpeaeneHue MOAY/IA).

2. |a — b| ecTb paccTosiHHE MEXAY TOYKaMM d U b YMCJIOBOMH NpAMOI;
la] = |a — 0| — paccrosiHre Mexay TouykaMu a U O YHCJIOBOM IPAMOIA;
la + b| = |a — (—b)| — paccToaune Mexay Touykamu a U (-b) 4mcIoOBOIt
npsAMOH (reoMeTpUYECKMM CMBICST MOAYJIA).

3. |—al=]al. a
_ e ldal
4. |ab|=|al|b|; b= ol
5.la*=a*.
a=>,
6. |la|=|b| &
_a=—b.
b=>0,
7. |a|=b — a=b,
a=-b.

8. |a| +|b| = |a + b|, npuuem |a|+ |b]|=|a+b| & ab=0.
OTH CBOMCTBA MO3BOJIAIOT PEIAaTh CAMbIE pa3HbIE 110 YPOBHIO CJIOXKHO-
CTH YpaBHEHHA ¢ MoAy/leM. OCHOBHBIMH METOJJaMH PEIIEHHUS TaKHUX ypaB-




[image: image14.png]HeHHUH SIBJIAAIOTCA paBHOCWIbHBIE Mpeobpa3oBanua (cBoicTBa 6—8) u pac-
KPHITHE MOZYJIA IO olpejesieHHI0 (MeToA NMPOMEXYTKOB, WIM METOJ UH-
TepBaJIOB). Pexke UCIONb3yI0OT reOMeTPUYECKHUI CMBICJI MOAYJ/IA U 3aMeHy
nepeMeHHOM.

PasHocunwvHble npeobpaszosarus

[Toxxaryit, Hanbonee 3¢pPpeKTUBHBINH METOA pPellleHHA YPaBHEHHH C MO-
AyJleM OCHOBaH Ha MPUMEHEHHH PaBHOCWIbHBIX Ipeobpa3oBaHuil. OAHO
M3 HHUX CBAI3aHO CO CJIEeAYIOLIUM YTBEpPXAEHHEM: ecaiu obe uacmu ypas-
HEHUSL HeompuyameibHbl HA HEKOMOPOM MHOXMcecmae, mo 8038edeHue 8
keadpam obeux uacmeii makoz2o ypasHeHus He npugodum HU K nomepe,
HU K npuobpemeHulo peuleHUll HA 3MOM MHON}cecmee, mo eCmb A8as1emcs
pasHocunbHbiM npeobpasosarHuem. Tak, ey g(x) < 0, To ypaBHeHHe
|f ()| = g(x) He uMeeT pemeHMii, a B IIPOTHBHOM CJIy4ae BO3BeJeHHE
B KBagpaT obenx 4yacTeil TaKoro ypaBHEHHUS SB/SIETCS PaBHOCHIbHBIM
npeobpasoBaHueM. [loaToMy nosydyaeM (HallOMHHUM, YTO KBaApaT MOJAY/IA
yuc/la paBeH KBajpaTy caMoro uucia: |a|® =a?)

F@l=gm o {5070 g(;)(j) ) ()
= 2 _ .2 = 8\x),
70 =g fx) = —g(x)),

Aajiee ypaBHEHUA HY)KHO pelllMThb, a HEPaBEHCTBO MPOBEPUTD.
Kako# crocob — meToz NMpoMeXyTKOB (MHTEPBAJIOB) WIM YKa3aHHOE
npeobpa3zoBaHre — BbIGUpaTh AJI1 pellIeHUS TaKUX YpaBHEHHH, 3aBHCUT
OT TOro, KakasA u3 QyHKUUM f (x) win g(x) umeeT 60jiee MPOCTOU BUA,.
AHasIorTHYHBIM 06pa3oM OOGCTOHUT Zesio ¢ ypaBHEHMEM BHAA |p(x)|=
=|q(x)|. OTo ypaBHeHHE B CIWIy IPUBEJEHHOrO YTBEPXKAEHHUS PaBHOCHIb-
HO ypaBHeHMIO p2(x) =q?(x), oTKyAa:

p(x) = q(x),
p(x) = —q(x).

3aMeTHUM, YTO MOCJEAHIOI0 COBOKYITHOCTh MOXXHO IOJy4UTb, HE BO3BOASA
obe yactu ypaBHeHHA |p(x)|=|q(x)| B kBagpaT, a HemoCpeACTBEHHO H3
CBOMCTB MOJY/JIA.

[IpuBeseHHBIE CXeMBbI pellIeHHUS MOXHO MOJYYUTh H3 «reoMeTpude-
CKUX» coobpakeHH. HamOMHHUM, YTO MOAY/Ib Pa3HOCTH ABYX YKCEJl paBEH
PacCTOAHUIO MEXAY TOYKAMM YHUCJIOBOM (KOOpAMHATHOM) MPAMOM, CO-
OTBETCTBYIOII[UMM 3THM 4YHcIaM (B 3TOM, cOOCTBEHHO, M 3aKJIO4aeTcs
reoOMeTpUYECKUN CMBICII MOAYJIA).




[image: image15.png]Penruth ypaBHeHHE |x — b| = a — 3Ha4YMT HAlTH BCe TOYKH X YHCJIOBOH
OCH, PacCTOSIHHE OT KaXKJ0M M3 KOTOPBIX AO 4YucIa b paBHO a. [IoHATHO,
yTo ecsin a >0, To x=b=+a, eciit a=0, To x=>b, ecsin a <0, TO pelieHUH
HeT. PemeHune ypaBHeHHUA |f (x)|=a npu a > 0 cBoAUTCA K pacCMOTpPEH-
HOMY CJIy4alo Iocjie 3aMeHbl nepeMeHHOH f(x) =t. [Ipu pelieHMH KOH-
KPeTHBIX IIPMMEPOB TaKy10 3aMeHY MOXXHO He JieJlaTb U cpa3y [1epeXOAUTh
K ypaBHeHHMAM f (x) =a; f(x) =—a.

CXOZHO C paCCMOTPEHHBIM U pelieHHe ypaBHeHMA |f (x)| = g(x). Jei-
CTBUTENbHO, eciu g(x) < 0, To ypaBHeHHe He MMeEeT pelleHUH B CUIY
HEOTPULIATEILHOCTH MOAY/IA; ecli g(x) = 0, mony4yaem, 4yTo

f(x)=g(x) mbo f(x)=—g(x).

Takum obpa3om,

g(x) =20,
If(x)] =gx) & f(x) =glx),
flx) = —g(x).

Kpome Toro, nmosneaHo o6paTuTh BHUMaHHe Ha CleAyIolliie CBOMCTBA
MOZAYJIA, HENOCPEeACTBEHHO CJIEAYIOLINE U3 ero ONpeAeIeHUA:

f=fx) & fx) =0,
fG)|=—-f(x) & f(x)<O0.
[lepeiiieM K pelIeHHIO MPHMEPOB, HayaB C 3aia4H 2 4acTH I BBoAHOU
AUarHOCTHYECKOU paboTHI.
IIpumep 1. PemuTe ypaBHeHue |x% — 9|+ |x +3|=x%+x —6.

Pemienne. 3aMeTHM, YTO JAaHHOE ypaBHEHHE MpejCcTaBiAeT coboi
ypaBHEHME BH/a

0,
la|+|b| =a+b & { 0

A\ARR\Y)

a
b

B AaHHOM Ciry4ae
a=x*-9, b=x+3, a+b=x*+x-6,

[x?S,

x2-9 =0,
X < —3, PellleHUAMHU CHCTEMBI SBJIS-

o) a M, 3HA4YMT,
oA {x+3>o, !

x = —3.
IOTCA YUCI0 —3 U JIyd [3; + ).

Omegem: —3; [3; +x).




[image: image16.png][Ipumep 2. Pemmurte ypaBHeHue |x3+x —1|=x+1.
PemeHue. JlaHHOe ypaBHEHHE PABHOCHIBHO CHCTEME

x+12=20, x =2 -1,
CB4x—-1=x+1, OTKyZAQ x= V2,
XBHx—-1=-x-1, x(x*+2) =0.

PellleHUAMH TOCTIEAHEl CHCTEMBI ABAIOTCA Yiucia 0 u 2.

Omeem: 0; V2.

IIpumep 3. PemuTe ypaBHeHue ||3 — 2x|— 1| =2|x]|.

Pemenue. ITockonbky ob6e 4yacTH YypaBHEHHA HEOTPHIIATEIbHBI, BO3-
BeJleHHEe UX B KBaJIpaT SABJISAETCSA PaBHOCWIbHBIM Npeobpa3oBanueM. [1pu-
MEHHM 3TO npeobpasoBaHHe, YYMTHIBas, YTO KBaJpaT MOAY/IA 4YHCJIa
paBeH kBajpaTry 3toro uucia: (|3 — 2x| — 1)? = 4x2. PackpoeM ckobKku:
(3—2x)2—2|3—2x|+1=4x?%, oTkyaa 9— 12x+4x* —2|3 —2x|+1=4x?,
M, 3Ha4MT, |3 —2x| =5 — 6x. [lepeiileM K paBHOCHJIbHOU CHCTEME

3—-2x =5-6x, OTKyZa x=0,5
3—-2x =—-5+6x, [

HepaBeHCTBY cucTeMbl y0BAETBOPsET TOAbKO x =0,5.
Omeem: 0,5.

Memood npomexcymxos (uHmep8anos)

OpHuM U3 Haubosiee U3BECTHBIX METOAOB pellleHUA YpaBHEHHH C MO-
oyJieM fIBJIIETCA METOA HpOMeXyTKOB (MHTepBayioB). CyThb MeToAa 3a-
KIIo4aeTca B caexyromieM. YuciaoBasa ock (B 3TOM maparpade paccMmar-
PHBAIOTCA TOJBLKO Ilejible YpPaBHEHHA, MO3TOMY HHMKaKUe OrpaHHYeHHS
Ha NepeMEeHHYI0 He BBOJATCSA) pa3buBaeTcsd Ha HECKOJbKO HHTEPBAJIOB
TOYKaMH, B KOTOPBIX BEIpXKEHHSA, COAepKalllie HeM3BECTHYIO MO 3HAaKOM
Moay/a, obpaiamoTca B Hyjab. Ha m060M M3 3THX MHTEpBajoB Jiioboe
M3 TAaKUX BBIpAXXEHHH OIpeAe/leHO U He PaBHO HYJIO, CleJOBaTelbHO,
OHO NPHHHUMAET TOJbKO ITOJIOXKHTEJIbHble WIH TOJbBKO OTpPHIATEJbHbIE
3HayeHUs (KaKMe MMEHHO, MOXXHO OIpeJe/lnTh, BbIOpaB Joboe 3Hauye-
HHe M3 pacCMaTPHUBAEMOTrO IPOMEXYTKA M OINpeeMB 3HAK BbIpaXKeHHUA
IpH 3TOM 3HadyeHHH). [I03TOMy B 3aBUCHMOCTH OT IPOMEXYTKAa MOZY/Ib
KaXXIOTO U3 TAKUX BHIPAXKEHHM «paCKphIBAETCA» JUOO CO 3HAKOM «ILTIOC»,
aMbo co 3HAKOM «MHHYC». 3aTeM Ha KaXKJIOM IPOMEXYTKE HaXOJMTCA




[image: image17.png]pellleHHe AAaHHOTO YpaBHEHMsA, y)Ke He cojepiKalllero 3HaKOB MOZYJIA.
[Moceauuii mar — obbefHEHNE HaH/€HHBIX pellleHHH. 3aMeTHM, YTO
pelllaTh HEpaBEeHCTBa BOBce He 00M3aTe/NIbHO: AOCTAaTOYHO HAUTH KOPHH
IOJyYeHHBIX YPaBHEHUH U NPOBEPHUTH, KaKHMe H3 HHUX YAOBJIETBOPAIOT
COOTBETCTBYIOIIIEMY HEPaBeHCTBY. DTOT METOA Iiejecoobpa3Ho HpHMe-
HATh, B OCHOBHOM, €CJIM ypaBHEHHE COAEPXMUT JABa U Oolee Moy,
a BbIpaXK€HHUs NOJ 3HAaKaMH MOZAYJIEH ABJIAIOTCA MHOTOWIEHAMH IepBOM
crernieHH. B GonblIMHCTBe ke ciaydaeB 6osnee 3PpPeKTUBHBIM ABJAETCA
IIpUMEHEeHHEe PaBHOCWIbHBIX IIpeobpa3oBaHMH.

Ilpumep 4. Pemiute ypaBHeHUE
|2—x|—|x-=5|=x+1-|7-2x]|.

Pemenue. OmnpeaenuM MPOMEXYTKHA 3HAKOIOCTOAHCTBA KaXXAOro U3
BbIpa)XXEHHH MOoJ 3HaKaMH MOZAY/JISA, JJIsl HAaIJIAAHOCTH U YA06CcTBa n3obpa-
3B UX Ha OZHOM cxeMe (KUPHBIMM TOYKAMHU OTMEYEHBbI HYJIU COOTBET-
CTBYIOUINX BbIpaXXeHUH). PacCMOTpUM 4 ciydasi, «pacKpbIBasi» MOAY/IH CO-
IJIaCHO 3HaKaM B KaXKJIOM U3 CTONOIIOB.

2—Xx -+ — — —

2 3,5 S

1) {x Z >, OTKYAQ {x Z >, M, 3HaYHUT, X = 5.
—24+x—x+5=x+14+7-2x, x =25,

2) {3’5 SX<S, OTKyAQ {3’5 Sx<S, PelileHHii HET.
—24+x+x-5=x+14+7-2x, x = 5.

3) {2 S X <35 OTKyZAa {2 S X <35, PemieHuit HeT.
—24+x+x—5=x+1-7+2x, x=-1

4) {x <2 OTKYZAa X <2, H, 3HAYHUT, X = 1.
2—x+x—5=x+1-7+2x, x =1,

Omeem: 1; S.




[image: image18.png]3ameHa nepemeHHOll

Eie oAWH MeTOZ pellieHusA YpaBHEeHHil ¢ Moy/ieM OCHOBaH Ha 3aMeHe
TepeMeHHOI1 U ToxxAecTBe |a|?> =a?. Kak yxe oTMeuasnoch, 3aja4, B KOTO-
PLIX ero LieJlecoo6pasHO HCHOIb30BaTh, HE TaK MHOTO, IIPHYEM 4acTh M3
HUX MOXXHO PelllUTh ¥ APYTUMH CIIocobaMH.

IIpumep 5. PemmTte ypaBHenue (x —1)? —3|x — 1| —4=0.

Pemenue. CzenaB 3aMeHY nmepeMeHHOH t = |x — 1| (t = 0), moayyum
KBajpaTHOe ypaBHeHMe t? — 3t — 4 = 0, eAMHCTBEHHBIM HeOTpHLaTe b-
HBIM KOPHEM KOTOPOroO fBJseTcA t =4, oTKyJa |x — 1| = 4, U, 3HaA4MT,
x=-3, x=>5.

Omeem: —3; 5.

leLMCHGHue ceomempuueckoz2o cmblcana .M.Oa_}’Jl}'l

PaccMmoTpuM ypaBHeHHE BHAA |x — b| + |x — ¢c| =a, npu pemeHun KoTo-
pPOro UCIOJb30BaHHE reOMEeTPHYECKOT0 CMBICJIa MOAY/IA AOCTAaTOYHO 3¢-
¢ekTUBHO. PeliuTh ypaBHeHHUe |x — b| + |x — ¢| = a — 3HaYUT HalTH Bce
TOYKHM X YMCJIOBOM OCH, CyMMa PAacCTOSIHUH OT KaXAOW U3 KOTOPHIX JO
Touek b ¥ ¢ paBHa a. Eid paccTossHHe MeXAy ToukaMHu b u ¢ 6onblie a,
TO YpaBHEHHEe He HMeeT pellleHWH. B camoM jfejie, ec/ik NPeATION0XHUTD,
YTO MCKOMAas TOYKa NMPHUHAJJIEXKHUT OTPE3KY C KOHIIaMH b u ¢, To cymMa
pPacCTOSAHUH OT TaKOM TOYKH [0 KOHIIOB OTpe3Ka okakeTcs 6osbiie a (1mo-
CKOJIbKY AJIMHA 3TOro oTpe3Ka 6oJibllie a), a A 1060t TOYKH, jJexallei
BHE pacCMaTpHUBaeMoOro OTpe3Ka, CyMMa pacCTOAHUM OyzeT ele 6osbliie.
Ecnu paccTrosiHHe MeXAy ToYykamMu b M ¢ paBHO a, To Jjrobas TodKa OT-
pe3Ka C KOHIIaMH b u ¢ 6yzeT pellleHHEM JAaHHOrO ypaBHeHHA. ECiM xe
paccTOstHHE MeXAy TOYKaMHu b U ¢ MeHbllIe a, To JJ1s JII0O0HM TOYKH OTpe3-
Ka C KOHIIJaMH b U ¢ cyMMa pacCTOAHMUH 0 TodeK b u ¢ 6yzeT MeHbliIe a.
TakuMm ob6pa3oM, MckoMas TOYKa JOJDKHA JIeXXaTh BHE OTPe3Ka C KOHI[aMHU
b u c. B 3TOM cJTyyae cyMMa pacCTOSTHHM OT UICKOMOM TOYKH JI0 TOYEK b U ¢
OyzeT CKIaABIBAaTbCA U3 AJIMHBI OTPe3Ka C KOHI[aMH b U ¢ ¥ YIBOEHHOI'o
PacCTOAHUA OT 3TOM TOYKM A0 OirpKaiiiero Kk HeM KoHIla OTpe3Ka. ITO
paccyXJieHHe U NMOo3BoJIAeT HAaUTH UCKOMbIe 3HaYeHHA NepeMeHHOH. [Ipu
OCBOEHUH METOJa pellleHHe MOAOOHBIX YpaBHEHHM OCYIECTBJAETCA IO-
YTH MTFHOBEHHO. [[J11 3TOro Hy»KHO H300pa3uTh YHCJIOBYIO OCb, OTMETHTD
Ha HeH «KJII04YeBbie» TOYKHU b M ¢ U pacCTOSIHHE MeXIy HUMH.

IIpuMep 6. Pemmte ypaBHeHue |x — 1| + |x — 7| =24.

Pemenne. /Iis Toro yroObl pelINThb YpaBHEHHE, HAlZIEM BCEe TOYKH
X 4YHUCJIOBOM OCHM, CyMMa PacCTOAHUHU OT KaXJOHM U3 KOTOPBIX 0 TOYeK 1
H 7 paBHa 24. [loHATHO, YyTO Ha oTpe3ke [1; 7] UCKOMBIX ToYeK OBITH He




[image: image19.png]MOXeT, NMMOCKOJbKY CyMMa pacCTOAHHUH OT JIF060H TOYKH OTpe3Ka AO ero
KOHI[OB paBHa JJIMHE OTpe3Ka, T. €. B JaHHOM cJIy4yae paBHa 6. 3Ha4MT, UC-
KOMEBIE€ TOYKM JieXKaT BHE OTpe3Ka. PaCCMOTpHUM TOUKY, JIEXKALYIO IIpaBee
TOYKH 7 Ha YMCJIOBOM ocH. CyMMa paCCTOAHHMM OT 3TOM TOYKH AO KOHIIOB
OTpe3Ka CKJIaAbIBae€TCA U3 AJUHbI OTPe3Ka U YABOEHHOr'0 pacCCTOSAHMSA OT
3TOH TOYKHU 0 TOYKH 7. TakuM o6pa3oM, 3TO yABOEHHOE PacCTOSIHHE PaB-
HO 24 — 6 =18, 1 HCKOMas TOYKa HaXOAUTCs NpaBee TOYKU 7 Ha 18:2=9
eauHull. CiefoBaTeJIbHO, NEpBas U3 UCKOMBIX Todek: x = 16. AGCOMIOTHO
aHaAJIOTMYHO IOJy4YaeM, YTO BTOpasA UCKOMaAasA TOYKa HaAXOAMTCA Ha YUCJIO-
BOM OCH JieBee TOYKH 1 Ha 9 eauHull. CieaoBaTeJbHO, BTOPOE pelleHHue
ypaBHEHUA: x = —8.

Omeem: —8; 16.




